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U.S. Department East Building, PHH-23
of Transportation COVPETENT AUTHORI TY CERTI FI CATI ON e e 56590
Pipeline and FOR A TYPE B(UF FI SSILE

Hazardous Materials RADI OACTI VE MATERI ALS PACKAGE DESI GN
Safety Administration CERTI FI CATE USA/ 9225/ B(U) F- 96, REVI S| ON 42

This certifies that the radioactive material package design described has
been certified by the Conpetent Authority of the United States as neeting
the regulatory requirenents for a Type B(UF packaging for fissile
radi oactive material as prescribed in the regulations of the International
At om ¢ Energy Agency! and the United States of AmericaZz.

1. Package ldentification - NAC LW.

2. Package Description and Authorized Radi oactive Contents - as descri bed
in US. Nuclear Regulatory Commission Certificate of Conpliance No.
9225, Revision 50 (attached).

3. Criticality - The minimumcriticality safety index is as assigned in
NRC Certificate of Conpliance. The maxi mum nunber of packages per
conveyance is deternmined in accordance with Table X of the |AEA
regulations cited in this certificate.

4, Ceneral Conditions -

a. Each user of this certificate nust have in his possession a copy
of this certificate and all docunments necessary to properly
prepare the package for transportation. The user shall prepare
the package for shipnment in accordance with the docunentation
and applicabl e regul ati ons.

b. Each user of this certificate, other than the original
petitioner, shall register his identity in witing to the Ofice
of Hazardous Materials Technol ogy, (PHH 23), Pi peline and
Hazardous Materials Safety Adninistration, U S. Departnent of
Transportation, Washington D.C. 20590- 0001.

C. This certificate does not relieve any consignor or carrier from
compliance with any requirenent of the Governnment of any country
t hrough or into which the package is to be transported.

1 "Regulations for the Safe Transport of Radioactive Material, 1996
Edition (Revised), No. TS-R-1  (ST-1, Revi sed) , " published by the
International Atom c Energy Agency(lAEA), Vienna, Austria.

2 Title 49, Code of Federal Regulations, Parts 100-199, United States of
Aneri ca.
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This certificate provides no relief from the limtations for
transportation of plutoniumby air in the United States as cited
in the regulations of the U S. Nuclear Regulatory Conm ssion 10
CFR 71. 88.

Records of Quality Assurance activities required by Paragraph
310 of the I|AEA regulations® shall be mintained and nade
available to the authorized officials for at |east three years
after the last shipment authorized by this «certificate.
Consignors in the United States exporting shipnents under this
certificate shall satisfy the applicable requirenents of Subpart
H of 10 CFR 71.

Speci al Conditions -

a. Tritium produci ng burnabl e absorber rods described in paragraph
5(b)(1)(xii) and 5(b)(1)(xv) of the NRC Certificate of
Compl i ance are not authorized by this certificate.

b. Non fissile or fissile exenpt quantities of solid, irradiated
and contam nated fuel assenbly structural or reactor internal
conmponent hardware as described in paragraph 5(b) (1) (xvi)

Marking and Labeling - The package shall bear the marking

USA/ 9225/B(U)F-96 in addition to other required markings and | abeli ng.

Expiration Date - This certificate expires on February 28, 2010. On
Decenber 31, 2009, this certificate supersedes all previous revisions
of USA/ 9225/ B( U) F- 96.
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This certificate is issued in accordance wth paragraph 814 of the |AEA
Regul ations and Section 173.471 and 173.472 of Title 49 of the Code of
Federal Regulations, in response to the Decenber 22, 2008 petition by NAC
International, Norcross, GA, and in consideration of other information on

filein this Ofice.

Certified By:
% Jan 08 2009
Robert A. Richard ( DATE)

Deputy Associate Administrator for Hazardous Materials Safety

Revision 42 - Issued to endorse, subj ect to restrictions of speci al
conditions 1 and 2, uU. S Nucl ear Regulatory Conm ssion
Certificate of Conpliance No. 9225, Revision 50. This revision
specifies forns and configurations of ANSTO H FAR fuel as

aut hori zed contents.
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2. PREAMBLE

This certificate is issued to certify that the package (packaging and contents) described in Item 5 below meets the applicable safety standards set forth
in Title 10, Code of Federal Regulations, Part 71, *Packaging and Transportation of Radioactive Material .

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or
other applicable regulatory agencies, including the government of any country through or into which the package will be transported.

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION

a. ISSUED TO (Name and Address) b.  TITLE AND IDENTIFICATION OF REPORT OR APPLICATION

NAC International, Inc. NAC International, Inc., application
3930 East Jones Bridge Road dated December 10, 2008, as supplemented.

Norcross, GA 30092

4. CONDITIONS
This certificate is conditional upon fulfilling the requirements of 10 CFR Part 71, as applicable, and the conditions specified below.

5.
(a) Packaging

(1) Model No.: NAC-LWT. **

(2) Description

g o Ce -

The LWT is a stéel—enca? v lgaﬁshielged shipping cask. The cask is designed to transport
various radioactive content¥as listéd in 5.(B)(1). Thejoverall dimensions of the package, with
impact limiters, jare 232 inches lohg by 65 inches'in diameter. ngg cask body is approximately
200 inches in length and 44‘inches'in diaméter. The task cavityds 178 inches long and 13.4
inches in diameter. The Velume of the cavity is agpr‘iqximqtely 14:6 cubic feet.

0 ] Lt i \

The cask body congists Bﬁﬁm&mm s{ainlesgSteel innérshell, a 5.75-inch-thick lead

gamma shield, a 1. 2-inch-thick stain eel.galeshell, and-a neutron shield tank. The inner
and outer shells aréﬂgelde foain ick:staifi{ass steekbottom end forging. The cask
bottom consists of a gr"rf)c,h-thick, 20.75kinch-diameter le; I"disk enclosed by a 3.5-inch-thick
stainless steel plate and ‘6ottog1,end forging. The cask lid is 11.3-inch-thick stainless steel
stepped design, secured to a 14:25-inch-thick ring forging with twelve 1-inch diameter bolts. The
cask seal is a metallic O-ring. A second teflon O-ring and a test port are provided to leak test
the seal. Other penetrations in the cask cavity include the fill and drain ports, which are sealed

with port covers and O-rings.

The neutron shield tank consists of a 0.24-inch-thick stainless steel shell with 0.50-inch-thick
end plates. The neutron shield region is 164 inches long and 5 inches thick. The neutron shield
tank contains an ethylene glycol/water solution that is 1% boron by weight.

The cask is equipped with aluminum honeycomb impact limiters. The top impact limiter has an
outside diameter of 65.25 inches and a maximum thickness of 27.8 inches. The bottom impact
limiter has an outside diameter of 60.25 inches and maximum thickness of 28.3 inches. Both
impact limiters extend 12 inches along the side of the cask body.
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5.(a)2) Description (continued)

The maximum weight of the package is 52,000 pounds and the maximum weight of the contents
and basket is 4,000 pounds.

(3) Drawings

(i) The packaging is constructed in accordance with the following Nuclear Assurance
Corporation Drawings:
LWT 315-40-01, Rev. 7 Cask Assembly
LWT 315-40-02, Rev. 24 (Sheets 1-2) Body Assembly
LWT 315-40-03, Rev. 22 (Sheets 1-7)* Transport Cask Body
LWT 315-40-04, Rev. 10 Cask Lid Assembly
LWT 315-40-05, Rev. 9 Upper Impact Limiter
LWT 315-40-06, Rev. 9 Lower Impact Limiter
LWT 315-40-08, Rev 18 (Sheets 1- 5) Cask Parts Detail

* Packaging UmLNes 1 2 3,4,and 5 are constfucxed in accordance
with Drawing, N& LWT 315 40-03, Rev. 6 (Sheets- 1-6)

(i) The fuel a$sembly baskets are constructed in acgordance with the following Nuclear

Assurane@ Corr)m@txon and NAC IntematlonarDrawmgé
~— sk 7y

LWT 315«40 09, R 2‘ \\ 2 < 3 R Basket.Spacer

LWT 31@40 10, R%J 7 GSheetg 1 2) ‘1 %R Basket~

LWT 315-0-11, Rey. 2-\ a0, R BaskefAssembly

LWT 315-40- 12, Re : ?' ' %Metal’; Fuel Basket Assembly

LWT 315-30- 045} ‘,z 42 MTR Eleffient Base Module

LWT 315-4@-046 ”;;\ ﬁTR Efement Intermediate Module

LWT 31541 047, s.d,m s MTR Element Top Module

LWT 31 5-40—0 8, f A Sap42 MTR"“Element Cask Assembly

LWT 315-40- 14@;&” 128 MIR Element Base Moduie

LWT 315-40- 050{ Rev. 28 MTR Element Intermediate Module

LWT 315-40-051, Rev:'5 ~ + 28 MTR Element Top Module

5
5
LWT 315-40-052, Rev. 3 28 MTR Element Cask Assembly
5
5
5
5

_i,

LWT 315-40-070, Rev. 7 Cell Basket TRIGA Base Module

LWT 315-40-071, Rev. 7 Cell Basket TRIGA Intermediate Module

LWT 315-40-072, Rev. 7 Cell Basket TRIGA Top Module

LWT 315-40-079, Rev. Transport Cask Assembly, 120 TRIGA Fuel
Elements or 480 Cluster Rods

LWT 315-40-080, Rev. 3 7 Cell Poison Basket TRIGA Base Module
LWT 315-40-081, Rev. 3 7 Cell Poison Basket TRIGA Intermediate
Module
LWT 315-40-082, Rev. 3 7 Cell Poison Basket TRIGA Top Module l
LWT 315-40-083, Rev. 0 Spacer, LWT Cask Assembly TRIGA
Fuel
LWT 315-40-084, Rev. 4 LWT Transport Cask Assy, 140 TRIGA

Elements
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¢. DOCKET NUMBER

71-9225

b. REVISION NUMBER

50

1 a. CERTIFICATE NUMBER

9225

Drawings (continued)

5.(a)(3Xii)
LWT 315-40-085, Rev. 0

LWT 315-40-090, Rev. 3
LWT 315-40-091, Rev. 3
LWT 315-40-092, Rev. 3
LWT 315-40-094, Rev. 4
LWT 315-40-096, Rev. 3
LWT 315-40-098, Rev. 4 (Sheets 1-3)

LWT 315-40-099, Rev. 3 (Sheets 1-3)
LWT 315-40-100, Rev. 4 (Sheets 1-5)
LWT 315-40-101, Rev. 0

LWT 315-40-102, Rev..1 - -
LWT 315-40-103, Rev."0
LWT 315-40- 104 ‘Rev. 4 (Sheets 1-3)

Vi

LWT 315-40- 105 Rev. 3 (Sheets 1-2)
LWT 315-40:106, Rev. 1.(Sheets 1-3)
LWT 31540-108, Rev, 1 (Sheets 1-3)
LWT 315-40-109, ‘l‘%zv RY X @heets 1- 3)

Ll B

LWT 315:40-110, R'v1(Shee§1 @) ;

LWT 315-40-111; R&y. 2\
LWT 315-40- 113L Rew,

LWT 3152 40 120 1I3ev ’Z»{.@peets 1-3) ;

LWT 315- 40-123 REL{
LWT 315- 404;4 Reév. 1.

% e
LWT 315-40- 125°°‘Rev 3 (Sheets 1 -3)

LWT 315-40-126, Rev 2 (Sheets1 -2)
LWT 315-40-127, Rev. 2 (Sheets 1-2)
LWT 315-40-129, Rev. 1
LWT 315-40-130, Rev. 1
LWT 315-40-133, Rev. 1 (Sheets 1-2)
LWT 315-40-134, Rev. 1
LWT 315-40-135, Rev. 1

LWT 315-40-139, Rev. 1
LWT 315-40-140, Rev. 1 (Sheets 1-2)

d. PACKAGE IDENTIFICATION NUMBER

USA/9225/B(U)F-96

Axial Fuel and Cell Block Spacers, MTR,

and TRIGA Fuel Baskets

35 MTR Element Base Module

35 MTR Element Intermediate Module

35 MTR Element Top Module

35 MTR Element Cask Assembly

Fuel Cluster Rod Insert, TRIGA Fuel

PWR/BWR Rod Transport Canister

Assembly

Can Weldment, PWR/BWR Transport

Canister

Lids, PWR/BWR Rod Transport Canister

4 x 4 Insert, PWR/BWR Transport

Canister ,

5 x 5 Insert, PWR/BWR Transport Canister
- “Pin Spacer, PWR Transport Canister

LWT Cask Assembly, PWR/BWR Rod

Transpori Canister

PWR Insert, PWR/BWR Transport Canister

MTR Plate Canister, LWT Cask

_7Cell BasKet, Top Module, DIDO Fuel
‘7 Gell Basket Intermediate Module, DIDO

el =

x , ff%JCell Basket»‘Bottom Moduie, DIDO Fuel

j:WT Tranngrt Cask Assy DIDO Fuel

‘Spacer Top:Module DIDO Fuel

T« ‘Module; General Atomics IFM, LWT

P

o k 7 oy,

els. e 2)?3§;,"$’pacer General Atomics IFM, LWT Cask

F) Transport Cask Assembly, General Atomics
"IFM,LWT Cask

Transport Cask Assembly,
Framatome/EPRI, LWT Cask
Weldment, Framatome/EPRI, LWT Cask
Spacer Assembly, TPBAR Shipment
Canister Body Assembly, Failed Fuel Can,
PULSTAR
Assembly, Failed Fuel Can, PULSTAR

Transport Cask Assembly, PULSTAR
Shipment, LWT Cask

Body Weldment, Screened Fuel Can,
PULSTAR Fuel

Assembly, Screened Fuel Can, PULSTAR
Fuel

Transport Cask Assembly, ANSTO Fuel
Weldment, 7 Cell Basket, Top Module,
ANSTO Fuel
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5.(a)3Xii) Drawings (continued)

LWT 315-40-141, Rev. 1 (Sheets 1-2) Weldment, 7 Cell Basket, Intermediate
Module, ANSTO Fuel

LWT 315-40-142, Rev. 1 (Sheets 1-2) Weldment, 7 Cell Basket, Base Module,
ANSTO Fuel

LWT 315-40-145, Rev. 0 (Sheets 1-2) Irradiated Hardware, Lid Spacer, LWT Cask

LWT 315-40-148, Rev. 0 LWT Transport Cask Assembly, ANSTO-

DIDO Combination Basket

5.(b) Contents
(1) Type and form of material

All contents listed include both unirradiated and irradiated conditions.

(i) PWR fuel assemblies. .The, maxnmumfuei assembly weight is 1650 pounds, the
maximum averagebumup is 35,000 MWE/MTU, the minimum cool time is 2 years, and
the maximum lnmaMuel pin pressure at 70°F is-565. .psig. The fuel assemblies consist of
uranium ledee"pellets within zirconium alloy type claddmg with the specifications listed
below, and with fuel rod pitch, rod diameter, clad thlckness and pellet diameter as

described fn’Table 1.2-5, of the application. e

é{f{; ,\’“\ ~ (“‘y" " et
o A T “ A .
Fuel Type “J.No. F Max.Jritial Max. Active
N R Uranijin Mass Fuel Length
= RS (MTU- (in.)
Lo, -l i L « B k(‘ Pl o ey
B8W 15x15 - BHP08“i; |35 ' /4 |0.4750 144.0
= ML g
B&W 17x17 264+ a5~ | 04658 143.0
5 R 77 .
CE1axia . (176 WBZ "7 |Qa0s7 137.0
& %
CE 16x16 236 |37 0.4417 150.0
WE 14x14Std | 179 3.7 0.4144 145.2
WE 14x14 OFA | 179 3.7 0.3612 144.0
WE 15x15 204 3.5 0.4646 144.0
WE 17x17 Std | 264 35 0.4671 144.0
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5.(bX1Xi) PWR fuel assemblies. (continued)

WE 17x17 OFA 264 35 0.4282 144.0
Ex/ANF 14x14 WE 179 3.7 0.3741 144.0
Ex/ANF 14x14 CE 176 3.7 0.3814 134.0
Ex/ANF 15x15 WE 204 3.7 0.4410 144.0
Ex/ANF 17x17 WE 264 35 0.4123 144.0

(i) BWR fuel assemblies. The maximum fuel assembly weight is 750 pounds, the maximum
average burnup is 30,000 MWd/MTU, the minimum cool time is 2 years, and the
maximum initial fuel pin pressure at 70°F is 565 psig. The fuel assemblies consist of
uranium dioxide pellets within zirconium alloy type cladding, with the specifications listed
below, and with fuel rog»pigg@fod‘diéﬁ)gte(, clad thickness, and pellet diameter as
described in Table 1,2-6; of the application... /

Fuel Type ff No. Fuel No. Max. Initifélfj:;: Max. Initial Max. Active
.- | Rods Water Uranium  ~{;Uranium Fuel Length
s Rods Enrichment '| Mass (MTU) | (in.)
S \{ . “ (w{ﬁ t{4235) ”
GE 7x7<1 T o]0 2 407 0-1923 146
GE 8x8:}, =, 140> . | 03880 146
GE 8x8-2- ] \ 46/} | D847 150 ()
o P 2

GE 8x8-4 " : 340K ~1.0.1787 (1.2)

SR a7 SR 150

Aza lEgn B O o1ssa 150 (134
GE 9x9 £ by
79 |2 | 40 0.1979 150 (4
Ex/ANF 7x7 49 0 4.0 0.1960 144
Ex/ANF 8x8-1 | 63 1 40 0.1764 145.2
Ex/ANF 8x8-2 | 62 2 4.0 0.1793 150
Ex/ANF 9x9 79 2 4.0 0.1779 150
74 2 4.0 0.1666 150 @

(1) Six-inch natural uranium blankets on top and bottom.
(2) One large water hole - 3.2 cm ID, 0.1 cm thickness.
(3) Two large water holes occupying seven fuel rod locations - 2.5 cm ID, 0.07 cm thickness.
(4) Shortened active fuel length in some rods.
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5.(bX1) Type and form of material (continued)
(i)  Deleted.

(iv) MTR fuel elements composed of U-Al, U3Og-Al, or U;Si,-Al positioned within the MTR
fuel basket specified in 5.(a)3)(ii). Loose fuel plates must meet the requirements of the
MTR fuel element content tables and must be loaded into an MTR plate canister prior to
shipment. The fuel elements are composed of aluminum clad plates, with initial uranium
enrichment up to 94.0 weight percent U-235. The maximum burmup and the minimum
cool time shall be consistent with the decay heat limits in Item 5.(b)(2)iv) and shall be
determined using the operating procedures in Section 7.1.5 of the application.

NISTR MTR fuel elements specifications are listed in Item 5.(b)(1)ivXa), generic MTR
fuel elements are listed in ltem 5.(b)(1XivXb), and expanded fuel specifications
applicable to LEU MTR fuel (up to 25.0 wt %°**U) are listed in ltems 5.(b}1)(iv)(c) and

5.(bX1)(ivd).
(a) NISTR MTR Fuel Content Description - -

.

T e

Parameter M» ‘ Plate Plétéf‘(cﬁpt in half)
Enrichment, wt%?mf’uw ) <94,
Number of fuemlates \» ,”ﬂ V-A <34
i ; P R o,
235U content QMr plate g : 52 5. :2’ <1t
= = — g
Plate thickne&é’ cm) | s ZQ»H 15 - -

Clad Th:ckness(cm) frg ': zofg
Active fuel W|dthx§cm) ’W; r@f“"m‘*‘%%

I ”*ﬁ% 75

{2"7 to 30

Active fuel height (Cm)g§

Maximum U content per | =380
element (g)
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5.(bX1) Type and form of material (continued)

(iv) (b) Generic MTR Fuel Content Description

Parameter Limiting Values?

Enrichment, wi. % <94

235U

Number of fuel plates <23 <19 <23’ <17 <19 <23
25U content per plate <18 <20 <20’ <21 <21 <16.5

Plate thickness (cm) 20.115 20.115 | 20.123" | 20.115 2.200 20.115

Clad Thickness (cm) 20.02

Active fuel width (cm) | <66 | <66 | 566 <6.6 <6.6 <7.3
Active fuel height (m) | 56

25 contentper " 5386??;

element (g)

Notes:

: 7
1. HEU:,ﬁDQO wt% mU épr?ched) R fue’l h lng 23 pla‘tfie}s with up to 20 g of
25U per.plate, with akmmlmum plat thlcklﬁes sfof 0.123 cm; must have at least
2.0cm ot«non-fuel rrl%flenal al thé énds of each element. FFhis fuel may also be

loaded up to 460'9 ézfar glement. = ¥ . s

PN d Lo N
Bpae 3 ter
tyel e]g%ents with extended fuel

2. At ennchmenrsszsam%fzgsu MT |
20w e.Speifi tiong defined in 5.(b)(1)iv)(c).
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5(bX}1) Type and form of material (continued)

(iv) (c) Expanded LEU MTR Fuel Content Description

Parameter Base <7.0 cm Active Fuel Width <7.1 cm Active <7.15 cm Active Fuel
, Fuel Width Width
Enrichment, wt. % <25 <25 <25 <25
235U
Number of fuel <23 <23 <17 <23 <22 <23 <23
plates
23U content per <22 <22 <22 <21.5 <22 <22 | =215 | s22
plate
Piate thickness 20.119
(cm)
Clad Thickness
(cm)
Active fuel width <66 <f . . 7.0 AU K <7.15

Bl N B s TN
(Cm) :’ ’ 4\“" 1 A;,?\% ’ «»./,_‘i ‘ /g ¢ £ %
Active fuel height 256;: 256 % ﬁﬁ a8 ?56 ‘1 5 256 w-' 256 256 261
(cm) o AMAES A
35U content per <470
element (g)
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5.(b)(1) Type and form of materiai (continued)

(iv) (d) Expanded LEU MTR Fuel Content Description for High Fissile Material Mass

Parameter Limiting Value
Enrichment, wt.% “°U <25
Number of fuel plates <23
2%y content per plate (g) <32
Plate thickness (cm) 20.115
Clad thickness (cm) =2 g 20.02
Active fuel width (cm) S <7.3
Active fuel height (cm) 256
U content per element (g) -~ L <640

£4 4 3 N
e S, o o
.

kY
R

5 z : ¢

(v) Metallic fuel rod*s contammg natug) enneﬁ?nent uramgm pellets wnth aluminum cladding 0.080-
inches thick. The fuel pellet:diame\ter 15 1 36 inches and the magj@um fuel rod length is 120.5
inches. The maximum weight of urami.lm perrrod is 5?4 5 kg withZa.maximum average burmnup of
1,600 MWd/MTU and aminimum cooling time of or?é;year ""a

X \h‘- - “{:%4 i iy i F o

(vi) TRIGA damaged and undaggeq,fuei eiements JﬂféA fuel efements that have a cladding

breach that allows the escape of-gas orqnms;on of water are ' considered damaged and will be

loaded and transport’éd ina Sealéd damgged fuefcan P

o st
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5.(bX1) Type and form of material (continued)
(vi) (a) TRIGA fuel elements acceptable for loading in the poisoned TRIGA basket and
meeting the following specifications:
TRIGA HEU TRIGA LEU TRIGA LEU
(Notes 1,2,6,&7) | (Notes1,2,6,&7) | (Notes1,2,6,&7)
Fuel Form Clad U-ZrH rod Clad U-ZrH rod Clad U-ZrH rod
Maximum Element Weight, Ibs 13.2 13.2 13.2
Maximum Element Length, in 47.74 47.74 47.74
Eiement Cladding Stainless Steel Stainless Steel Aluminum
Clad Thickness, in 0.02 0.02 0.03
Active Fuel Length, in LY 15 ‘15 14-15 (Note 4)
Element Diameter, in 1.478 max. 1. 478 max 1.47 max.
Fuel Diameter, in " 1.435 max. 1 435 max 1.41 max.
Maximum Initial U Content/F,}éTnen :\__ :0.196 Py ,Q;’845 - 0.205
kilograms o= . il Y o &L o g 4
Maximum Initial U Mass,igrams t 137 4o oy |aee I 1
i PR T T S =3
Maximum Initial ***U Enrichment, l. § f70 T aas S 20
weight percent {o ¢ G,'; ""-a;_” 13 / g ;&,;
Jx"“ - (AT B 7
Zirconium Mass, grams e 0 2300
(Note 5) ) y;{
Hydrogen to Zirconium Ratio, max." - 1.0
(Note 5)
Maximum Average Burnup, MWd/MTU | 460,000 151,100 151,100
(80% V) (80% 2*°U) (80% #°U)
Minimum Cooling Time 90 days 90 days 90 days
(Note 3) (Note 3) (Note 3)
Notes:
1. Mixed TRIGA LEU and HEU contents authorized.
2. TRIGA Standard, instrumented and fuel follower control rod type elements authorized.
3. Maximum decay heat of any element is 7.5 watts.
4. Aluminum clad fuel with 14 inch active fuel is solid and has no central hole with a zirconium rod.
5. Zirconium mass and H/Zr ratio apply to the fuel material (U-Zr-H,) and do not include the center

zirconium rod.
Listed TRIGA fuel elements have a 0.225-inch diameter zirconium rod in the center.

Dimensions listed are as-fabricated (unirradiated) nominal values.

NOo
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5.(bX1) Type and form of material (continued)

(vi)  (b) TRIGA fuel elements acceptable for loading in the nonpoisoned TRIGA basket and
meeting the following specifications:

TRIGA HEU TRIGA LEU TRIGA LEU
(Notes 1, 2, & 6) (Notes 1, 2, & 6) (Notes 1, 2, & 6)
Fuel Form Clad U-ZrH rod Clad U-ZrH rod Clad U-ZrH rod
(Note 4) (Note 4) (Note 4)
Maximum Element Weight, Ibs 13.2 13.2 13.2
Maximum Element Length, in 47.74 47.74 47.74
Element Cladding Stainless Steel Stainless Steel Aluminum
Minimum Clad Thickness, in C[@ot - 001 0.01
Maximum Element Diameter, in . ‘ 1.5 max. H‘%max 1.5 max.
Active Fuel Length, in ;,5;“ 15 15 “a 15
Maximum Initial U ContenUE!eJnenh\ 0.196 0845 0.205
kilograms [ . z\\\ y_//;' i .
i o T TR T b =
Maximum Initial “~>U Mass,ggzi‘ams g 437, [ ¢ |469 £ 41
Maximum Initial U Enrichtfient, (i .4 7087 =02/ ko, & 20
weight percent o SR R TN T Ty &
“ L =
Hydrogen to Zirconium Ratlo max 2.4 ne 120 ’”‘ 20
(Note 5) v’ “%-;xiﬁéxmﬁzf“‘ |
LX) W I
Maximum Average Burnup, MWd(KﬂTU 460,006 . ' 154, Qb 151,100
(80% 235} (80% 2°U) (80% *°U)
Minimum Cooling Time 90 days * ‘ 90 days 90 days
(Note 3) (Note 3) (Note 3)

Notes:

Mixed TRIGA LEU and HEU contents authorized.

TRIGA Standard, instrumented and fuel follower control rod type elements authorized.
Maximum decay heat of any element is 7.5 watts.

Element may contain a zirconium rod in the center.

H/Zr ratio applies to the fuel material (U-Zr-H,) and does not include the center zirconium rod.
Dimensions listed are as-fabricated (unirradiated) nominal values.

oA W
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5.(bX1) Type and form of material (continued)

(vii)  TRIGA fuel cluster rods. TRIGA HEU fuel cluster rods have a maximum average burnup
of 600,000 MWd/MTU (80% **°U depletion) and a minimum cooling time of 90 days.
TRIGA LEU fuel cluster rods have a maximum average bumup of 140,000 MWd/MTU
(80% **U depletion) and a minimum cooling time of 90 days. TRIGA fuel cluster rods
must meet the following specifications prior to irradiation:

TRIGA Fuel Cluster Rods
HEU LEU
Fuel Form Clad U-ZrH rod
Maximum Rod Weight, Ibs 1.5
Maximum Rod Length, in_ - =¥, e, 31
Rod Cladding. < Incoloy 800
Minimum Glggf'rhickness, in 0015
Maximgrjﬁ?ﬂ\ct);ve Fuel Length, in L . 225
Maximom Fuel PellebPiameter, in 1 4 0.53
Maxirﬁﬁm U COHtBEIURﬁ(f grgﬁié{} k : ’~§ = % 48.6 .; 289.5
Maxirhlim 25U Ma;‘g, grar\n“s “j‘f “ . 454 f;” 55
Maximi;;ﬁé 235Uié'¢";' hr‘f@rﬂ; : ;jf Y ;'f’ 933“ 20
weightJffgrceﬁg"_ B 4 A S Ml

Maximum Zit;gpmﬁ‘m Kﬁhss‘éta‘#is} 73 ; | 42t j 357
Hydrogen to Z?rféoniqm Ratio, max. wh 1.7

NOTE: TRIGA fuel cluster rods that have a cladding breach that allows the escape of
gas or intrusion of water are considered damaged and will be loaded and transported in

a sealed damaged fuel can.

(viii)  High burnup PWR rods, consisting of uranium dioxide pellets within zirconium alloy type
cladding. The maximum uranium enrichment is 5 weight percent U-235, the maximum
active fuel length is 150 inches, and the maximum pellet diameter is 0.3765 inches. The
maximum burnup is 80,000 MWd/MTU, and the minimum cool time is 150 days.
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5.(b)1) Type and form of Material (continued)

(ix) High burnup BWR rods, consisting of uranium dioxide pellets within zirconium alloy type
cladding. The maximum uranium enrichment is 5 weight percent U-235, the maximum
active fuel length is 150 inches, and the maximum pellet diameter is 0.490 inch. The
maximum burnup is 80,000 MWd/MTU and the minimum cool time is between 150 - 270
days, as specified in the table below:

BWR Fuel Type Bumup, b Minimum Cool Time
Array Size (GWd/MTU) (days)
7x7 b <60 210
60<b<70 240
70<b<80 270
8x8' .. bs8o0 150
Note 1: Includes rods from aﬂ%arger BWR aasembly arrays (e.g., 9x 9, 10 x 10)

(%) Intact or degraded clad DIDO fuel elements composed of U-Al, U;04-Al, or U;Si,-Al
plates fabncaféd into four concentric tubes of vary»ng”dlameters The fuel elements have
an initial enrichment up to 94.0 weight percent U-235.-Maximum degraded clad
allowable,pe? element is < 5% surface area. D_egfaded glad DIDO fuel elements are to
be loaded“ifito atraltiminum damaged fuel, ca‘n (DFC) per Figure 1.2.3-18 of the
appllcatlé"'ﬁ~ The fugve}'qm%nts shaughave %he  sbecifications listed below:

s PR o

Parameter }; - \{,‘EU““*‘“‘"\ {42 MEU“) HEU®™
Maximum #**U content per Element ' "'-f"’ : w,,.;; v ",‘; 55 5190 g: <190¢g
Maximum Uranium content per‘;"?’;‘? V ';;W»{,j%? s 4750‘g £211.1g.
Element L o i R

< ; }% -~ ;
Minimum Fuel Tube Thickness 5 0.130 cm 0.130 cm
Minimum Clad Thickness 0.025cm 0.025 cm
Maximum Outer Diameter 9.535cm 9.535cm
Minimum Inner Diameter 5.88 cm 5.88 cm 5.88 cm
Minimum Initial Enrichment 19 wt% **°U 40 wt% **°U 90 wt% *°U

! The maximum burmup and minimum cool time shall be consistent with the decay heat limits in
Item 5.(bX2)XxiXa) and (b) and shall be determined using the operating procedures in Section 7.1.4 of

the application.
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5.(b)X1) Type and form of material (continued)

(xi) General Atomics (GA) Irradiated Fuel Material (IFM) consisting of two separate types of
fuel materials: (a) High Temperature Gas Cooled Reactor (HTGR); and (b) Reduced-
Enrichment Research and Test Reactor (RERTR) type TRIGA fuel entities.

(a) GA HTGR IFM comprised of four forms: fuel particles (kernels), fuel particles
(coatings), fuel compacts (rods), and fuel pebbles. Fuel particles (kernels) are
solid, spheridized, high-temperature sintered fully-densified, ceramic kernel
substrate, composed of UO,, UCO,, (Th,U)C,, or (Th,U)O,. Fuel particles
(coatings) are solid , spheridized, isotropic, discrete multi-layered fuel particle
coatings with chemical composition including pyrolitic-carbon (PyC) and silicon
carbide (SiC). Fuel compacts (rods) are multi-coated ceramic fuel particles,
bound in solid, cylindrical, injection molded, high-temperature heat-treated
compacts which are composed of carbonized graphite shim, coke, and graphite
powder. Fuel pebbles are multi-coated fuel particles, bound in solid, spherical
injection-molded, high<emperature heat-treated pebbles composed of carbonized
graphite shim, coke and graphité""ﬁéWder, Initial enrichment of the HTGR IFM

¥ Yo

varies from-10.0 to 93.15 wt% °U. "~ |

(b)  GARERTR IFM comprised of imadiated TRIBA fuel elements which contain three
distirict mass loadings of uranium of 20, 3 and 45 wt% U. The average mass of
thé& fuel partion of the elements is 53939 with a maximum initial enrichment of 19.7

% U- Lo F iy
T RGN =y A O
S . 3 T i i & ’
s P P {
GA IFM;content desgqghpg\. " M{ g
L P e ——
- Se Y, ], \GAHTGRIFM! GA RERTR IFM
Fuel matetial < M '},yﬁ’f UcCo, .uo, U-ZrH metal alloy
<. K Y TTRL)C,, (D)0,
HE L5 4 b’gi‘ i': g
Maximum f0&lweight, Ibs 23:57 2373
Maximum overall Iength in. 1 n/a 29.92
Maximum active fuel length, in n/a 22.05
Fuel rod cladding n/a Incoloy 800
Maximum Uranium, kg U 0.21 3.86
Maximum initial °U, wt% 93.15 19.7
Maximum Activity, Ci 483 2920
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5.(b)1) Type and form of material (continued)

(xit)  Tritium-producing burnable absorber rods (TPBARS), as described in Section 1.2.3.6 of
the application. Each TPBAR is approximately 153 inches in length and 0.381 inches in
diameter and is stainless steel clad. The TPBARSs contain lithium aluminate annular
pellets, with an inner zircaloy liner and an outer nickel-plated zircaloy tube. Each TPBAR
contains a maximum of 1.2 grams tritium. The minimum cool time is 30 days.

(xii))  Intact or damaged PULSTAR fuel elements, including fuel debris, pieces and nonfuel
components of PULSTAR fuel assemblies as specified below.

Description Value
Maximum Pellet Diameter (inch) 0.423
Minimum Element (Rod) Sladdlng Thlckness (mch) 0.0185
Minimum Element eRod) ‘blameter (mch‘) . 0.470
Maximum Acﬁve Fuel Height (inch) b 241
Nominal Elér;ént (Rod) Length (inch) “ 26.2
NommaiAssePnQy Length (inch) /,f‘fﬁ'“ " 38
Maximum Assembn% oﬂf\aded can Welght b) 80
Maximim PULSTAE Can\CoptanLnght (;g) ii 39.6
Maxumurﬁ Ennch ' ent (\Lm % mU) = 3{; “’ 6.5
Maxnmum 23’5U 3 nt ij ,g;ff‘ ’ M; 33

No. of Elernggls (Rods}per o {%\ 25
No. of Elements”FRods) per Cani = <25
Maximum Depletion (%’“?351_)) b 45
Minimum Cooling Time (yrs) 1.5
Maximum Heat Load per Assembly (W) 30
Maximum Heat Load per Element (W) 1.2

-

Damaged PULSTAR fuel elements, including fuel debris, pieces and nonfuel
components of PULSTAR fuel assemblies must be loaded into a PULSTAR can. The
contents of a PULSTAR can are restricted to the equivalent of the fuel material in 25
intact PULSTAR fuel elements and of the displaced volume of 25 intact PULSTAR fuel
elements.
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5.(bX1) Type and form of material (continued)

(xiv)  Intact or degraded clad ANSTO fuel consisting of spiral fuel assemblies and MOATA
plate bundles. Maximum degraded clad allowable per element is < 5% surface area.
Degraded clad ANSTO fuel elements are to be loaded into an aluminum damaged fuel

can (DFC) per Figure 1.2.3-18 of the application.

Spiral fuel assemblies consist of 10 curved uranium-aluminum alloy fuel plates between
an inner and an outer aluminum shell, with the following fuel parameters:

Parameter Limiting Values
Number of fuel plates per assembly 10
Maximum ?**U content per assembly (g) 160
Maximum enrichment (wt % “°U) 95
Maximum assembly nggm (Ib) Ty 18
Minimum plate mrckness (cm) B 0.124
Minimum acﬁve fuel height (cm) 59.075
MOATA p?ate bt)hdles consist of uranium- gljjmmum alloy fuel plates with aluminum
cladding, With the ?Qomng\spemﬂmtlom 2 \
' Parameter | Limiting Values
Mammfﬁrn num{:& oh'uel p}ates peni assembiyf iy 14
Maximun 22U coignt perplate (g) . 4/ 223
Maxnmum’ﬁmmht,; (W‘l:‘;.ﬁf“ur‘ﬁ%”%} 92
Maximum pla(é;spacer thlck BTN féﬁ}) ,§ 31 0.18
Maximum actlve fuel width (cm) - 7.32
Maximum bundle weight (lb) 18

(xv)  Segmented TPBARs and associated segmentation debris resulting from post-irradiation
examination, as described in Section 1.2.3.6 of the application. Each equivalent TPBAR
contains a maximum of 1.2 grams of tritium. The minimum cool time is 90 days.

(xvi)  Solid, irradiated and contaminated fuel assembly structural or reactor internal component
hardware, which may include fissile material, provided the quantity of fissile material does
not exceed a Type A quantity and qualifies as an exempt quantity under 10 CFR 71.15.

(xvii)  PWR MOX (mixed oxide) undamaged fuel rods consisting of uranium and plutonium and
plutonium dioxide pellets within zirconium alloy type cladding. The plutonium enrichment
is 7.0 weight percent maximum and 2.0 weight percent minimum, the maximum active
fuel rod length is 153.5 inches, and the maximum pellet diameter is 0.3765 inch. The
maximum burnup is 62,500 MWd/MTU and the minimum cool time is 90 days.
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5.(bX2) Maximum quantity of material per package

Not to exceed 4,000 pounds, including contents and fuel assembly basket or other internal
support structure.

(i For the contents described in ltem 5.(b)(1)Xi): one PWR assembly positioned within the
PWR fuel assembly basket. Maximum decay heat not to exceed 2.5 kilowatts per PWR

assembly.

() For the contents described in ltem 5.(b)(1Xii): two BWR assemblies positioned within the
BWR fuel assembly basket. Maximum decay heat not to exceed 1.1 kilowatts per BWR

assembly.
(i) Deleted.
(iv) For MTR fuel elements,as d&scnbed;m Item 5 (b)(1 Xiv):

Up to 42 fuel elements posmoned within the MTR fuel assembly basket (7 fuel elements
per basket modt:le) Each of the MTR basket cell'openings may contain a loose plate
canister. The'contents of each loose plate canister are.limited to the number of fuel
plates, dimehsions, and masses that are equ:valent to-dn intact MTR fuel element, as

specmed mmenks\(b)(\)(w) | ,(’ . -

2 Ly

(a) Themaxumu e%@yheath not to exc&d 1.26 klfbwaﬁs per package, with each
M;I;R fuel ass bly,baskgu odule’f\ot tg exceed 210 watts.

(b) HEU MEU an&EU MTR fuel elemeﬁts w:th decay heat not exceeding 30 watts

s

per glement Jgay &&gded in anysbéske }posmon
AL ; r\" ,{{
(c) Mlxed,HEU\E:J <X ': ;fe ts, wnth,decay heat limits as specified

"’::

(d) MTR fuel efements with degraded or mechamcally damaged cladding are
authorized, provided the total surface area of through-clad corrosion and/or
mechanical damage does not exceed 5% of the total surface area of the damaged

element.

(e) For HEU-MTR fuel elements only, the center fuel element in any basket module is
not to exceed 120 watts. The two exterior fuel elements vertically in-line with the
center assembly for transport are not to exceed 70 watts.

(f) MTR fuel elements containing more than 470 g ©°U (more than 22 g %*°U per
plate) are limited to up to four elements loaded in basket positions 4, 5, 6, and 7 of
a seven-element basket per Figure 7.1-1 of the application. Basket positions 1, 2,
and 3 are to be blocked by spacer hardware.
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Maximum quantity of material per package (continued)

(v)

(Vi)

For the contents described in Item 5.(bX1)Xv): up to 15 intact metallic fuel rods
positioned within the appropriate basket. Maximum decay heat not to exceed 0.036
kilowatts per rod. Total weight of all rods not to exceed 1,805 pounds.

For failed metallic fuel rods of the type described in ltem 5.(b)}(1){(v):

(a) Up to six canisters containing one defective metallic fuel rod per canister.
The canisters are 2.75-inch |.D. failed fuel rod canisters as shown on
Nuclear Assurance Corporation Drawing No. 340-108-D2, Rev. 10, and are
placed in a six-hole liner as shown on Nuclear Assurance Corporation
Drawing No. 315-040-43, Rev. 1. The maximum decay heat load for a
defective metaliic fuel rod is limited to 5 watts; or

(b) Up to three canisters, contalmr@ either up to three defective metallic fuel
rods per camsteror up to 10 failed fuel fitters per canister. The canisters
are 4.00-inchA. D. failed fuel rod canisters-as shown on Nuclear Assurance
Corporaﬂcm Drawing No. 340-108-D1, Rev. 10,-and are placed in a three-
hole basket as shown on Nuclear Assurance Cd;poratlon Drawing No. 315-
40-12;Rev. 3. The weight of the filters is Imtedvtq 125 pounds per
camster. EQ{ canlsters containing fueLmds the miaximum decay heat load

il «‘i’ and for Caﬁfsierscontarnangf ilters, the maximum
decay heat lo |s~§ atts. N‘%camstér 3 o

. 3 (% 3 -

J b { ‘ ﬁ.@.«.‘_«. \,//‘ :« . :,:c,;

S S

£
w Cead
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Maximum quantity of material per package (continued)

(viiXa)

(viiXb)

For TRIGA fuel elements as described in Item 5.(b)(1)(vi}a):

Up to 140 intact fuel elements in the TRIGA fuel package with poisoned baskets. Up to
four fuel elements per basket cell and up to seven cells per basket may be loaded.
Damaged TRIGA fuel elements or fuel element debris (up to a total of two equivalent
elements) shall be transported in a sealed damaged fuel can (one damaged fuel can
per cell). The sealed cans are to be in accordance with NAC International Drawing

Nos. 315-40-086, 315-40-087, and 315-40-088.

Mixed intact and damaged fuel contents and fuel debris are authorized. Base and top
fuel basket modules may contain intact fuel elements or sealed damaged fuel cans
containing damaged fuel and fuel debris. A maximum of seven damaged fuel cans is
authorized per top and base basket modules with a maximum of 14 per package.
Intermediate fuel basket modules may contam only intact TRIGA fuel elements.
The maximum dgcayheat shall not exceed 7.5 watts per TRIGA fuel element (or
equivalent for Qémaged fuel) and 1050 watts per package. The cask and baskets must
be conﬂgured%s shown in NAC International Drawmg Nos. 315-40-084, 315-40-080,
315-40- 081 ;-and 315-40-082. ,
”““‘.x

For TRIGA fuéLglements as described i in Item 5 (b)(1)(v1)(b)

foo N ‘sf‘“\& i oy
Up to 420 intact fﬁ'gi el%mlents ‘in the TRiGAifuel packagq with non-poisoned basket.
Upto four fuel ele enty’ per bastt ceﬂ‘only?oaded in ﬂwé six periphery cells. TRIGA
fuel elgfgents of, ségled cans’ maymm loaded in the génter cell of the non- poisoned
baske Dam d IGA fuel elements qr fue) debris (up to two equivalent elements)
I ] aled damaged fue},acan (on€damaged fuel can per cell).
0 bedn accordace Wi NAC Intematlonal Drawing Nos. 315-40-

....ﬂ";(g :_n : ;, ~, J»“

The seaied car?s
086, 315-4@ 087'~ 3 i
73 i o, 6"&

Mixed intact agdkdamaged f‘l}éggﬁmnts ahd fuel ‘debris are authorized. Base and top
fuel basket modules may contain intact fuel elements or sealed damaged fuel cans
containing damaged fuel or fuel debris. ‘A maximum of six damaged fuel cans is
authorized only in the periphery cells per top and base basket modules with a
maximum of 12 per package. Intermediate fuel basket modules may contain only intact

TRIGA fuel elements.

Maximum decay heat not to exceed 7.5 watts per TRIGA fuel element (or equivalent for
damaged fuel) and 900 watts per package. Fuel may not be loaded in the center cell of
the non-poisoned TRIGA fuel basket. The cask and baskets must be configured as
shown in NAC International Drawing Nos. 315-40-070, 315-40-071, and 315-40-072,

and 315-40-079.
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5.(bX2) Maximum quantity of material per package (continued)
(viii)  For TRIGA fuel cluster rods as described in ltem 5.(b)(1)Xvii):

Maximum decay heat not to exceed 1.875 watts per TRIGA fuel cluster rod (or equivalent
for failed fuel) and 1050 watts per package. TRIGA fuel cluster rods must be positioned
in either the non-poisoned TRIGA fuel basket or in the poisoned TRIGA fuel basket. Fuel
may not be loaded in the center cell of the non-poisoned TRIGA fuel basket. The non-
poisoned basket must be configured as shown in NAC International Drawing Nos. 315-
40-070, 315-40-071, and 315-40-072, and the poisoned basket must be configured as
shown in NAC International Drawing Nos. 315-40-080, 315-40-081, and 315-40-082.

Up to 480 intact cluster rods per package in the non-poisoned TRIGA fuel baskets (up to
six periphery cells loaded with 16 cluster rods each), and up to 560 intact cluster rods per
package in the poisoned TRIGA fuel baskets (up to 7 total cells loaded with 16 cluster
rods each). TRIGA fuel cluster rods must be positioned within the fuel rod inserts as
shown on NAC International Drawing:No-315-40-096.

B W h o ’
Damaged TRIGA fuel cluster rods or cluster rod‘debris (up to six equivalent rods) shall
be transported.in‘a sealed damaged fuel can. The’sealed cans are to be in accordance
with NAC Intemational Drawing Nos. 315-40-086, 315-40-087, and 315-40-088.

*

&3 e
Mixed intaét andudamaged fuel contents and.ftél debris 4re authorized. Base and top
fuel basket modules r A,';ﬁg‘r]naip# intact fu€l.cluster rods ersealed DFCs. Intermediate
fuel basket modulesymay,c X tair}ph]y int@df&.@l cluster rtods.
o S I poc
(ix) For highgb}:mup RW ffuél;ggnc}a,%'siuqscribed n ltem 5.(b3(1 X viii): up to 25 fuel rods.
Maximurm decay}:be‘é;t ot to Exceed 213 'ki[Qﬁaﬁs,Qer package.

i3y berplaced ejther i_n‘,'_‘ban"vrradiat'eﬁd or unirradiated fuel assembly

L

Intact ind(iv{;idual ;

lattice (ske”iieion) of in & fuelrodsng prﬁ]‘l’i?;(PWR fuel’assembly lattice must be
transported imthe PWR baskét, /1. 75 e

Up to 14 of the 25 fuel rods may be classified as damaged. Damaged fuel rods may
include fuel debris, parﬁdes,ﬁloosgpejiets;%ﬁnd fragmented rods. Damaged fuel rods
must be placed in a fuel rod insert. Damaged fuel rods may also be placed in individual
failed fuel rod capsules, as shown in Figure 1.2.3-11 of the application, prior to
placement in the fuel rod insert. Irradiated guide tubes and guide tube segments may be
placed in the fuel rod insert. The fuel rod insert must be transported in a PWR/BWR
transport canister, which is positioned in the PWR insert in the PWR basket.

(x) For high burnup BWR fuel rods, as described in Item 5.(b)1Xix): up to 25 fuel rods.
Maximum decay heat not to exceed 2.1 kilowatts per package.

Intact individual rods may be placed either in a fuel assembly lattice or in a fuel rod insert.
The BWR fuel assembly lattice must be transported in the PWR insert in the PWR

basket.

5.(bX2) Maximum quantity of material per package (continued)
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Up to 14 of the 25 fuel rods may be classified as damaged. Damaged fuel rods may
include fuel debris, particles, loose pellets, and fragmented rods. Damaged fuel rods
must be placed in a fuel rod insert. Damaged fuel rods may also be placed in individual
failed fuel rod capsules, as shown in Figure 1.2.3-11 of the application, prior to
placement in the fuel rod insert. The fuel rod insert must be transported in a PWR/BWR
transport canister, which is positioned in the PWR insert in the PWR basket.

(xi) For DIDO fuel as described in ltem 5.(b)}(1)}(x):

(a) Up to 42 DIDO fuel elements with a maximum decay heat not to exceed 25 watts
per DIDO fuel element, provided the top basket fuel element active fuel region is
spaced a minimum 3.7 inches from the bottom of the cask lid. Spacing of the
active fuel may be accomplished by fuel element hardware, lid spacer, or a
combination thereof. Maximum decay heat is 1.05 kilowatts per package. At a top
basket active fuel region to QQSK lid spacing of less than 3.7 inches, the maximum
decay heat not to,exeeam&'waﬁsmeg DIDO fuel element and a total of 756 watts
per package,. 'EbéfDlDO fuel elements»ate to be loaded into a DIDO basket
confi guredesshown in NAC lntematnonal@rawmg No. 315-40-111.

(b) A mlxed fuel load of up to 42 DIDO fuel elements and spiral and MOATA fuel
asseratilies [per item 5.(b)(1Xxiv)] in an ANSTO- BTDO combination basket configured
as shigwn rnNAC International Draw:ngNt)/ 315-40-148 consisting of a top ANSTO
basket module pér NAC Intemationaf’ ,Drawmg No. 345-40-140; four intermediate DIDO
basket modulé‘s per NAC International wnng No. 5.15 40-109; and one bottom DIDO
bagket module per NACT lmembtlonal Drs ing No. 345-40-110. DIDO fuel elements
loaged into mtet[nedléte ang Botom basket modules:are limited to <18 Watts. Up to

3ded clad DIDO, spiral, and/or MOATA fuel assemblies in DFCs per Figure

1.2.3°98 of Wighe phication, or mtbctﬁlD@ spiral, afid/or MOATA assemblies may be
loadedin the! ¢ NSTO modute ~The per element:or DFC heat load limits for the top

ANS modu ,.‘are £ !elhn‘lfeﬂfwnh or without DFC is 10 Watts; spiral fuel

elemenﬁ‘ is 1O W4 15¢7j'v wnthout@FC and MOATA fuel element in DFC

is 1 Watt nd 3 Watts wnﬂ16Ut DFC. M‘axnmum heat load per package is 753 Watts.

(xii) For GAIFM as descnbed in ltem 5.(bX 1)(xi):

(a)Mixture of fuel particles (kernels and coatings), fuel compacts (rods), and fuel pebbles,
packaged in its own Fuel Handling Unit (FHU).

GA HTGR FHU consists of two redundant canisters. GA HTGR IFM is packaged inside
a primary canister with welded closure, as shown in General Atomics Drawing No.
032237, Rev. B, “HTGR Primary Enclosure.” The primary canister is packaged inside a
secondary canister with weided closure, as shown in General Atomics Drawing No.
032231, Rev. A, “HTGR Secondary Enclosure.”

GA HTGR FHU total maximum decay heat not to exceed 2.05 watts, and maximum
loaded weight not to exceed 71.5 Ibs.

(b) Twenty irradiated TRIGA fuel elements; 13 of the elements are intact, and the
remaining 7 are sectioned. GA RERTR IFM is packaged in its own FHU.
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Maximum quantity of material per package (continued)

(xiii)

(xiv)

GA RERTR FHU consists of two redundant canisters. GA RERTR IFM is packaged inside a
primary canister with welded closure, as shown in General Atomics Drawing No. 032236,
Rev. B, “RERTR Primary Enclosure.” The GA RERTR IFM primary canister is packaged
inside a secondary canister with welded closure, as shown in General Atomics Drawing No.
032230, Rev. A, “RERTR Secondary Enclosure.”

GA RERTR FHU total maximum decay heat not to exceed 11 watts, and maximum loaded
weight not to exceed 76.0 Ibs.

For TPBARSs as described in Item 5.(bX 1)(xii):

Up to 300 TPBARSs, including a maximum of 2 damaged rods, positioned within a
consolidation canister, as shwn in‘Figure 1.2.3-10 of the application. The consolidation
canister is transported, fra TPBAR basket assembly The maximum decay heat is 2.31
watts per rod and 603 watts per package. The maximum weight of the TPBARs and the
consolidation 'c;-mlster is 1,000 pounds. Consolidation canisters with fewer than 300
TPBARs may*also contain stainless steel spacers of-various geometries. The total
weight and-vblume of the reduced TPBAR contents plus the spacers must be less than
or equal tithe We,gghtxqbnd volume of 300 TPBARs

For PUL«STAR fuel\? de \hbedm em 5 (b)(:l)(xm) o,
mact o & ] 3
Up to 7Q0sintact of dayy age‘d.PULSTAR fael eiements in Bither assembly or element

form, mc‘ﬂudmg iuhbd S, pé\lets} pieoes artﬁ nonfuel components of PULSTAR fuel

e 7 ,-*5
For ANSTO fuel. @s descnbed Irr lt@‘i 5.(bX1 )(XIV)

(a) Up to 42 spiral fuel assembhes MOATA. plate bundles, or any combination of spiral
fuel assemblies and MOATA plate bundles. ANSTO fuel must be loaded within
ANSTO basket modules. Spiral fuel assemblies may be cropped by removing
nonfuel-bearing hardware to fit the ANSTO basket modules. Fuel assemblies that
are cropped, but are otherwise intact, may be considered intact. For spiral fuel
assemblies, the maximum decay heat per assembly is 15.7 watts. The minimum
cool time as a function of burmup shall be consistent with the maximum decay heat
limit and shall be determined using the procedures for medium enriched DIDO fuel
in Section 7.1.4 of the application; the minimum cool time may not be less than 270
days. For MOATA plate bundles, the maximum heat load per bundle is 3 watts, and
the minimum cool time is 10 years.
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5.(bX2) Maximum quantity of material per package (continued)

(b) A mixed fuel load of up to 42 spiral and MOATA fuel assemblies and DIDO fuel
elements [per item 5.(b)(1)(x)] in an ANSTO basket configured as shown in NAC
International Drawing No. 315-40-139. Degraded clad elements placed in DFCs
per Figure 1.2.3-18 of the application or intact DIDO fuel elements are limited to
loading in the top ANSTO basket module. Maximum heat load per DIDO element is
10W. Degraded clad spiral and MOATA fuel assemblies in DFCs are also limited to
loading in the top ANSTO basket module. Spiral fuel assemblies placed into DFCs
are limited to a maximum of 10W and MOATA plate bundles loaded in DFCs are
limited to 1W. Spiral fuel elements not placed in DFCs are limited to 15.7W and
MOATA plate bundles not placed in DFCs are limited to a maximum of 3W with a

minimum cool time of 10 years.
(xvi) For segmented TPBARs as described in ltem 5.(b)(1)(xv):

Up to 55 equivalent TPBARSgas segments and segmentation debris, placed within a
welded waste containerfas shown in Figlre1:2. 3-16 of the application. The waste
container is transpoﬂed in a TPBAR basket assembly The maximum decay heat is 2.31
watts per equwaient TPBAR and 127 watts per package The maximum weight of the
segmented TPBARs and the TPBAR waste container’j ls 700 pounds.
(xvii) For solid i;&adlat’eq hardware as descnbed u}l‘(em 5, (b)(1 )(xvn)
e G AL
Up to 4,800 poundsTi ciudi’mg spaéérs duﬁn Je and conlamers and meeting the
gammasource defined in’ Table 1 2&13 ofithe pplication: wAn irradiated hardware spacer
source, per NAC Drawmg No. 315-401145 sball be mstaliéd
RIS '

r~.y

(xviii) For mtact‘PWR Mex’fué’krg;s as descrrbed m pem o8 (b§(1 )(xvn)
f

- h,

Upto 16 un,damaq > lrrad;atad EWR MOX Jods or a combmat:on of PWR MOX and high
burmup PWM rdds?&desr;pl?adin Iteﬁﬂﬁ b)(1)Mn) Maximum decay heat not to
exceed 2.3 k r package. Tnﬂmdual PWR MOX- and PWR UO, fuel rods shall be
placed in a 5x5 inSert loaded into a screened or free flow rod canister in accordance with
NAC International Drawmg No. 315-40-104-for transport. Up to nine nonstainless
burnable poison rods (BPRs) may be loaded in the spare locations in the 5x5 insert. The
PWR/BWR fuel rod canister shall be transported in the PWR basket and the PWR insert

installed in the cask cavity.
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5(c) Criticality Safety Index (CSI)

For PWR fuel assemblies described in 100
5(b)(1Xi) and limited in 5(bX2)(i)

For BWR fuel assemblies described in 5.0
5(bX1Xii) and limited in 5(b}2)ii)

For MTR fuel elements described in 0.0
5(bX1Xiv) and limited in 5(b}2)(iv)

For metallic fuel rods described in 0.0
5(b)(1Xv) and limited in 5(b}2Xv) and (vi)

For TRIGA fuel elements (in poisoned ; 0.0
TRIGA fuel baskets) described.in : ,
5(b)(1)viXa) and limited m5(b){‘“2)(vu)(a)

For TRIGA fuel elemenisdm nonpoisoned | 125
TRIGA fuel baskets) described in ‘%
5(b)}1XviXb) and lifited in 5(b)X2)viiXb)
é*f;f

For TRIGA fuel cluster r:;a‘s,de scribed in 00 0 -
5(b)(1Xvii) and umned in5 bxz)(\fm ™y Ay

For high bumup,@WR rods descnbad m
5(b)X1)(viii) and fimited in B(b)(Z)(lx) :

,,,x,.

For high burnup B rodg)“ .- ‘
S(b)X1)Xix) and hmuteq,n 5(b ;

For DIDO fuel elements@escnb
5(b)1)(x) and limited in 5(b)(2)(X|)

For General Atomic Irradiated Fuel 2 | 0.0
Material (GA IFM) described in 5(b)1)xi)
and limited in 5(b X2 ) xii)

For TPBARS and segmented TPBARS 0.0
described in 5(b)(1)Xxii) and 5(bX1)Xxv)
and limited in 5(bX2)Xxiii) and 5(bX2Xxvi)

For intact (uncanned) PULSTAR fuel 0.0
described in 5(b)(1}(xiii) and limited in

5(bX2)xiv)

For (canned) PULSTAR fuel described in 33.4

5(b )1 Xxiii) and limited in 5(b}2)xiv) — for
a package with any number of PULSTAR
cans
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5(c) Criticality Safety Index (CSI)

For ANSTO fuel described in 5(bX1)xiv) 0.0
and limited in 5(b}(2)Xxv)

For solid irradiated hardware described in 0.0
5(bX1Xxvi) and limited in 5(b)2)(xvii)

For PWR MOX rods described in 0.0
5.(b)(1)Xxvii) and limited by 5(b)(2 X xviii)

For a mixed fuel load of DIDO and 0.0
ANSTO fuel elements described in

5(b}1)(x) and 5(b)1)xiv) and limited by

5(b}2)xiXb) and 5(b}2Xxv)b)

6. Known or suspected damaged fL{gl assembhes (rods) or elemems and fuel with cladding defects
greater than pin holes and hairline cracks are not authorized, except as described in Items 5.(b)(1Xx);
5.(b}(1Xxiv); 5.(bX2XivXd); 5(b)(2)(v1) 5.(b}2)Xvii)a); 5.(b)(2)(vii)Xb); 5 (b)(2)(vm) 5.(bX2Xix); 5.(b}2)x);
5.(b)(2)(xi); 5.(b}2Xxiv), apd 5.(bX2)Xxv).

7. The cask must be dry (r;;g 'free ‘\R/“aLer) wi

8. Bolt torque: The cask |ds bolts mu§t bélorquea to 260 xt/- 2@ fi-lbs. Thgl)olts used to secure the
altemate vent and dra| bort coversimu g lprquéd to IOO #/- 10 mch-lbs The bolts used to secure

the Alternate B port coVvéfs mustbe’torqu Tt 285 +- ‘15 mch-lbs w

)4 .b_-
9. Prior to each shipment, the package.n usfbe leak tesfed to 15 10 stdxcmslsec except that replaced
seals must be leak testedfo 2.0 x«1 rto ﬁrsws’e and at least once w1th|n the

12-month period prior to eacb subSeqinént use‘:’tﬁe pac ge must beJéak tested t0 2.0 x 107 std

cm?/sec (He). ;. '-’f' - Y
&“’ e

10. In addition to the requirements of Subpan G of 10 CFR Part 71:

s

(a) The metallic O-ring lid seal must be repIaCed prior to each shipment; and

(b) Each package must meet the Acceptance Tests and Maintenance Program of Chapter 8 of the
application; and

(c) The package shall be prepared for shipment and operated in accordance with the Package
Operations of Chapter 7 of the application. If the cask is loaded under water or water is
introduced into the cask cavity, the cask must be vacuum dried as described in Chapter 7 of the
application. The cask cavity must be backfilled with 1.0 atm of helium when shipping PWR or
BWR assemblies, individual PWR and BWR rods, or TPBAR contents.

11. When shipping PWR, BWR, PWR MOX, MTR, DIDO assemblies, TRIGA fuel elements, TRIGA fuel
cluster rods, high bumup PWR or BWR rods, GA IFM, PULSTAR fuel elements, spiral fuel assemblies,
and MOATA plate bundles, the neutron shield tank must be filled with a mixture of water and ethylene
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glycol which will not freeze or precipitate in a temperature range from -40 °F to 250 °F. The water and
ethylene glycol mixture must contain at least 1% boron by weight.

12. A personnel barrier must be used when shipping PWR or BWR assemblies. Shipments of MTR, DIDO
fuel assemblies, TRIGA fuel elements, TRIGA fuel cluster rods, high bumup PWR or BWR rods, PWR
MOX rods, TPBAR contents, PULSTAR fuel elements, spiral fuel assemblies, MOATA plate bundles, or
irradiated hardware must use the ISO container or a personnel barrier.

13. Packages used to ship metallic fuel rods may be shipped in a closed shipping container provided that
the closed container, the cask tie-down and support system and transport vehicle (trailer) meet the
applicable requirements of the Department of Transportation. When the cask is shipped in a closed
shipping container, the center of gravity of the combined cask, closed shipping container and trailer

must not exceed 75 inches.

14. For shipment of TPBAR contents:

(a) Prior to first use for shipment of TPBAR contents each packaging must be hydrostatic pressure
tested to 450 +15/-0 psug ﬁS descnbed in Section 8"1 2 of the application;

(b) The package must bemarked with Package Identifi catlon Number USA/9225/B(M)-96;

(c) The package must-be configured as shown in NAC Intematlonal Drawmg No. 315-40-128,

Rev. 2, for the appucab\e,;l’PBAR contents; and ‘{,«' 3
i W, s R -
(d) Prior to each shtpment aftégloégufg each eask cOntalnment seaLmust be tested to show no
leakage greater. than 2 x 10 st ;'cm3/s (he!ium) g }f ’:j“

A
oy J posns
-~ A

15.  For shipment of PULSTAR fuel&\ a;i" s :

(a) Intact fuel element@may“ pﬁ red asP el assémblies, may be placed into a
TRIGA fuel rod mseR (a 4% rod Holdep) or .,'i;!?m_,__. aded ifnto PULSTAR fuel cans. Intact
PULSTAR fuel assémblies and RULSTA ${uel ot ents mé‘*TRIGA fuel rod insert may be
loaded in any module &f.the 28 MTR basket "assembly. PUL%TAR fuel cans may only be loaded
into the top or base moddle of the 28 MTR basket assembly

(b) Damaged PULSTAR fuel elements and nonfuel components of PULSTAR fuel assemblies must
be loaded into PULSTAR cans. Damaged PULSTAR fuel, including fuel debris, pellets or
pieces, may be placed in an encapsulating rod prior to loading into a PULSTAR fuel can.
PULSTAR fuel cans may only be loaded into the top or base module of the 28 MTR basket

assembly.

(c) Loading of modules with mixed PULSTAR payload configuration is allowed.
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16. Transport by air is not authorized.

17. The package authorized by this certificate is hereby approved for use under the general license
provisions of 10 CFR 71.17.

18. Revisions 48 and 49 of this certificate may be used until December 31, 2009.

19. Expiration Date: February 28, 2010.
REFERENCES

NAC International, Inc., application dated December 10, 2008.

NAC International, Inc., supplements dated August 12 and 27, November 18, and December 4 and 10, 2008.
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SAFETY EVALUATION REPORT
Docket No. 71-9225
Model No. NAC-LWT Package
Certificate of Compliance No. 9225
Revision No. 50
SUMMARY

By letter dated August 12, 2008, as supplemented August 27, November 18, and December 4
and 10, 2008, NAC International (NAC or the applicant) requested a revision to Certificate of
Compliance (CoC) No. 9225 for the Model No. NAC-LWT packaging. NAC requested the
incorporation of the ANSTO HIFAR fuel as either intact, degraded clad, and/or disassembled
assemblies in different loading configurations as authorized contents.

The approval of the ANSTO HIFAR contents are necessary to support the transport of additional
foreign research reactor (FRR) fuel in support of the U.S. Department of Energy’s National
Nuclear Security Administration FRR fuel acceptance program.

Twenty-five NAC International Drawings were revised and one new drawing was added to
update the CoC for this revision request and to incorporate changes due to several letter
authorizations issued recently to accommodate minor fabrication difficulties identified by NAC.

By letter dated December 10, 2008, NAC submitted a consolidated Safety Analysis Report
(SAR) that was utilized to finalize this revision.

Accordingly, CoC No. 9225 has been amended based on the statements and representations in
the application, and staff agrees that the changes do not affect the ability of the package to
meet the requirements of Title 10 of the Code of Federal Regulations (10 CFR) Part 71.

EVALUATION

The submittal was evaluated against the regulatory standards in 10 CFR Part 71, including the
general standards for all packages, standards for fissile material packages, and performance
standards under normal conditions of transport (NCT) and hypothetical accident conditions
(HAC). Staff reviewed the application using the guidance in NUREG-1617, "Standard Review

Plan for Transportation Packages for Spent Nuclear Fuel.”

Based on the statements and representations in the application, as supplemented, and the
conditions listed in the CoC, the staff has reasonable assurance that the design has been
adequately described and evaluated and meets the requirements of 10 CFR Part 71.




REFERENCES
NAC International, application dated December 10, 2008.

NAC International, supplements dated August 12 and 28, November 18, and December 4,
2008.

1.0 GENERAL INFORMATION
1.1 Package Description

The Model No. NAC-LWT package is shipped by truck, within an ISO container, or by
railcar, as a Type B(U)F-96 package, as defined in 10 CFR 71.4. There were no
changes to the package in this application.

1.2 Packaging Drawings

The applicant submitted twenty-five revised drawings. The revised drawings include:

LWT 315-40-02, Rev. 24 (Sheets 1-2) Body Assembly

LWT 315-40-08, Rev. 18 (Sheets 1-5) Cask Parts Detail

LWT 315-40-45, Rev. 5 42 MTR Element Base Module

LWT 315-40-46, Rev. 5 42 MTR Element Immediate Module

LWT 315-40-47, Rev. 5 42 MTR Element Top Module

LWT 315-40-49, Rev. 5 28 MTR Element Base Module

LWT 315-40-50, Rev. 28 MTR Element Intermediate Module

LWT 315-40-51, Rev. § 28 MTR Element Top Module

LWT 315-40-70, Rev. 5 7 Cell Basket TRIGA Base Module

LWT 315-40-71, Rev. 5 7 Cell Basket TRIGA Intermediate Module

LWT 315-40-72, Rev. § 7 Cell Basket TRIGA Top Moduie

LWT 315-40-80, Rev. 3 7 Cell Poison Basket TRIGA Base Module

LWT 315-40-81, Rev. 3 7 Cell Poison Basket TRIGA Intermediate
Module

LWT 315-40-82, Rev. 3 7 Cell Poison Basket TRIGA Top Module

LWT 315-40-90, Rev. 3 35 MTR Element Module

LWT 315-40-91, Rev. 3 35 MTR Element Intermediate Module



LWT 315-40-92, Rev. 3 35 MTR Element Top Module

LWT 315-40-98, Rev. 4 (Sheets 1-3) PWR/BWR Rod Transport Canister
Assembly

LWT 315-40-100, Rev. 4 (Sheets 1-5) Lids, PWR/BWR Rod Transport Canister

LWT 315-40-104, Rev. 4 (Sheets 1-3) LWT Cask Assembly, PWR/BWR Rod
Transport Canister

LWT 315-40-111, Rev. 2 LWT Transport Cask Assy DIDO Fuel

LWT 315-40-139, Rev. 1 Transport Cask Assembly, ANSTO Fuel

LWT 315-40-140, Rev. 1 (Sheets 1-2) Weldment, 7 Cell Basket, Top Module,
ANSTO Fuel

LWT 315-40-141, Rev. 1 (Sheets 1-2) Weldment, 7 Cell Basket, Intermediate

Module, ANSTO Fuel

LWT 315-40-142, Rev. 1 (Sheets 1-2) Weldment, 7 Cell Basket, Base Module,
ANSTO Fuel

The drawings were revised to incorporate changes due to several letter authorizations
issued recently to accommodate minor fabrication difficulties identified by NAC and to

support this revision.
The applicant submitted one new license drawing:

LWT 315-40-148, Rev. 0 LWT Transport Cask Assembly, ANSTO-
DIDO Combination Basket

The drawing was added to incorporate the new ANSTO-DIDO combination basket.

1.3 Contents

The ANSTO HIFAR fuel includes ANSTO spiral (Mark 1), MOATA plate (Mark 1), and
DIDO (Mark V) fuel either intact, degraded clad, and/or disassembled assemblies.
There are optional damaged fuel cans (DFCs) to facilitate handling of degraded clad or
disassembled Mark Il, I, and IV fuel elements. The requested loading combinations are

described below.

* A mixed fuel load of up to 42 DIDO fuel elements and spiral and MOATA
fuel assemblies in an ANSTO-DIDO combination basket consisting of a
top ANSTO basket module, four intermediate DIDO basket modules, and
one bottom DIDO basket module. Up to seven degraded clad DIDO,
spiral, and/or MOATA fuel assemblies in DFCs or intact DIDO, spiral,
and/or MOATA assemblies may be loaded in the top ANSTO module.
The per element or DFC heat load limits for the top ANSTO module are:
DIDO fuel element with or without DFC is 10 Watts; spiral fuel element in
DFC is 10 Watts and 15.7 Watts without DFC; and MOATA fuel element
in DFC is 1 Watt and 3 Watts without DFC. DIDO fuel elements loaded
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into intermediate and bottom basket modules are limited to <18 Watts.
Maximum heat load per package is 753 Watts.

» A mixed fuel load of up to 42 spiral and MOATA fuel assembilies and
DIDO fuel elements in an ANSTO basket. Degraded clad elements
placed in DFCs or intact DIDO fuel elements are limited to loading in the
top ANSTO basket module. Degraded clad spiral and MOATA fuel
assembilies in DFCs are also limited to loading in the top ANSTO basket
module. Maximum heat load per DIDO element is 10 Watts. Spiral fuel
assemblies placed into DFCs are limited to a maximum of 10 Watts and
MOATA plate bundles loaded in DFCs are limited to 1 Watt. Spiral fuel
elements not placed in DFCs are limited to 15.7 Watts and MOATA plate
bundies not placed in DFCs are limited to a maximum of 3 Watts with a
minimum cool time of 10 years.

2.0 STRUCTURAL

The staff reviewed the application to revise the Model No. NAC-LWT package structural design
and evaluation to assess whether the package will remain within the allowable values or criteria
for normal conditions of transport (NCT) and hypothetical accident conditions (HAC) as required
in 10 CFR Part 71. This application was also reviewed to determine whether the package fulfills
the acceptance criteria listed in Section 2 (Structural Review) of NUREG-1617, "Standard
Review Plan for Transportation Packages for Spent Nuclear Fuel."

2.1 Structural Review Description

NAC has requested an approval for a revision to CoC No. 9225 to incorporate the
ANSTO HIFAR fuel as either intact, degraded clad, and/or disassembled assemblies in
different loading configurations as authorized contents.

The existing Safety Analysis Report (SAR), and NAC License Drawings were revised to
reflect inclusion of these additional contents and submitted for the NRC staff review. No
changes were made to the structural evaluation.

2.2 Material Properties

The request is to add degraded DIDO fuel (Mark V), degraded ANSTO spiral fuel (Mark
) either as fuel elements or disassembled plates, and degraded MOATA fuel (Mark H)
either as fuel elements or disassembled plates as approved contents all in damaged fuel
cans for transport in the NAC-LWT cask. “Fuel elements” in this usage are equivalent to
the normal usage of “fuel assemblies.” In addition, intact DIDO fuel elements were
requested as approved contents in a different location in the cask. Since intact DIDO
elements had been previously approved as contents, there are no materials concerns
about these fuel elements and they were not evaluated. A definition of “degraded fuel”

was provided.

All three types of fuel elements consist of a homogeneous mixture UAI alloy clad with
aluminum plates. There could be up to 14 plates either flat or curved, depending on the
assembly design, contained in an aluminum superstructure. The damaged fuel cans are
made of 6061 aluminum and vented at both the top and bottom with screens. The
bottom of the can is welded and the top of the can is screwed in place.
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The damaged fuel cans or intact elements are placed in a 304 stainless steel basket.
The basket materials, and weld specifications are noted on drawing 315-40-140. The
welds are made according to ASME Sec IX, and visually inspected per ASME Sec V,
Article 1 & 9. Weld acceptance is per Section Ill, NG-5360.

The cask has a 304 stainless steel body and closure lid. The inner and outer shells are
XM-19 stainless steel. The cask has a lead (Pb) gamma shield and a borated ethylene
glycol and water mixture neutron shield. Since the cask has previously been approved
for transport, it will not be reevaluated. The neutron and gamma shield were evaluated
to determine if they can withstand the maximum expected accident temperatures.

The three materials questions of concern are: 1) Interactions of the exposed fuel with
other components, (Al +SS +UAI), 2) sufficient temperature margin for components
during normal transport, and 3) containment source terms.

Interactions of the exposed fuel with other components, (Al +SS + UAI)

The main interaction concern reviewed is the generation of hydrogen during the
corrosion of the aluminum if the cask cavity is not dried and a galvanic couple is set up
between the aluminum cladding and the stainless steel in the basket. According to
Section 7.1 of the SAR, if the package is loaded underwater, the cask cavity will be
drained then vacuum dried before backfilling with helium. The cavity will be evacuated
to 10 torr and held at that pressure for at least 10 minutes. If the pressure has not risen
by more than 5 torr over the hold time, the cavity will be deemed dry. This procedure
can be repeated if necessary. This drying method is acceptable to the staff for
aluminum fuel. Using this drying procedure, no galvanic couples are expected to occur.
The backfill should prevent oxidation of the aluminum to occur.

2.3 Structural Evaluation

The Staff has reviewed the NAC-LWT amendment request to add ANSTO HIFAR spent
fuel configurations and noted that changes that were made in the package contents and
subsequent mass are bounded by previous structural evaluations. In reviewing these
changes, the staff found that the variations were minor and had no effect on the ability of

the package to perform its safety function.

2.4 Conclusion

Based on the review of the application, the staff found reasonable assurance that the
applicant has demonstrated that the NAC-LWT package for transport of the ANSTO
HIFAR spent fuel meets the structural requirements for NCT and HAC as required by

10 CFR Part 71.

THERMAL

The staff reviewed the application to revise the Model No. NAC-LWT package thermal design
and evaluation to assess whether the package temperatures will remain within their allowable
values or criteria for NCT and HAC as required in 10 CFR Part 71. This application was also
reviewed to determine whether the package fulfills the acceptance criteria listed in Section 3
(Thermal Review) of NUREG-1617, "Standard Review Plan for Transportation Packages for

Spent Nuclear Fuel.”



3.1 Thermal Review Description

This amendment incorporates the addition of ANSTO HIFAR fuel [ANSTO (spiral),
MOATA (plate) and DIDO (4 concentric plates)). It also includes the addition of DFCs to
contain and facilitate handling of degraded cladding or disassembled fuel elements for
these fuel types. These fuels are transported in a new ANSTO-DIDO basket which
includes six inline axial modules, with each module accommodating up to seven fuel
assemblies for a total maximum number of 42 fuel assemblies per LWT cask. The top
module near the loading end is dedicated to degraded fuel or disassembied fuel, loaded
into DFCs, and the remaining modules accommodate intact DIDO or ANSTO fuel
assemblies. Degraded fuel has been defined as fuel with failed cladding but will not
result in formation of significant quantities of fuel debris during transport.

3.2 Thermal Evaluation

For the canned configurations, the applicant is lowering their heat load to compensate for
the potential minimal increase in thermal resistance of the aluminum DFC. There are
various configurations of fuel arrangements which were evaluated by the applicant and

are discussed as follows:

- Degraded clad DIDO fuel will be placed in a DFC and loaded in the top module of
an ANSTO-DIDO basket or standard ANSTO basket. The heat load for the degraded
DIDO fuel will be limited to 10 Watts per fuel assembly versus 18 Watts in the original
design basis of the ANSTO basket and versus 25 Watts in the original design basis of
the DIDO basket. Since the applicant limits the maximum heat load of the non-DFC
modules to 15.7 Watts and 18 Watts for the ANSTO and DIDO fuel, respectively, the
original design basis will be maintained (for loading into the ANSTO-DIDO combination

basket assembly).

- Intact DIDO fuel assemblies will be loaded in the top module of an ANSTO-DIDO
basket or standard ANSTO basket. The heat load for the intact DIDO fue! will be limited
to 10 Watts per fuel assembly versus 18 Watts in the original design basis of the ANSTO
basket and versus 25 Watts in the original design basis of the DIDO basket. Since the
applicant limits the maximum heat load of the non-DFC modules to 15.7 Watts and 18
Watts for the ANSTO and DIDO fuel, respectively, the original design basis will be
maintained (for loading into the ANSTO-DIDO combination basket assembly).

- Degraded and disassembled ANSTO fuel assemblies will be placed in a DFC
(1/2 of an assembly per DFC) and loaded in the top module of an ANSTO-DIDO basket
or standard ANSTO basket. The heat load per DFC will be limited to 10 Watts. The
original design basis heat loads for the ANSTO basket and the DIDO basket is 18 Watts
per assembly and 25 Watts per assembly, respectively. The applicant states that these
analyses bound this DFC loading of ANSTO fuel. The staff agrees that thermal loading
will be bounding as long as the applicant limits the thermal input from the adjacent
models to 18 Watts maximum, as indicated in SAR Sections 3.4.1.15.5 and 3.4.1.15.6.

- Degraded MOATA plates (disassembled assembly) will be placed in a DFC and
loaded in the top module of an ANSTO-DIDO basket or standard ANSTO basket. The
heat load limit will be 1 Watt which is bounded by the MOATA design basis heat load
limit of 3 Watts. Based on the staff’s evaluation, NAC revised Section 3.4.1.15, “Thermal
Evaluation for ANSTO-DIDO Combination Basket,” to clarify the thermal design basis of
the subject basket. It appears that the 3 Watts limit per MOATA assembly is not based
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on an associated cladding temperature limit but rather a loading restriction for this fuel
type. Since the cladding for the MOATA is aluminum, it has the same temperature limit
as the other aluminum clad fuels which have higher heat loads. An analysis of the spiral
aluminum clad ANSTO fuel, with an assembly heat limit of 15.7 Watts, for all modules
loaded as such, resulted in a maximum cladding temperature of 250°F which bounds the
lower heat load MOATA fuel loaded into a combination basket.

- Intact ANSTO fuel maximum heat load is limited to 15.7 Watts for all intact
ANSTO fuel loaded into the ANSTO-DIDO combination basket assembly, except for
within the DFC. The staff finds this acceptable since the original design basis heat load

for ANSTO fuel is 18 Watts.

- DIDO fuel has a maximum heat load of 18 Watts loaded into any of the bottom 5
DIDO basket modules of the ANSTO-DIDO combination basket assembly. If loaded into
the top module the heat load limit is 10 Watts per assembly whether it is intact or
degraded. This configuration is bounded by the 25 Watts heat load per assembly used in
the DIDO evaluation in Section 3.4.1.8.1.

Maximum temperatures of many cask components were calculated for each fuel and
allowable atmosphere under normal and accident conditions of transport. The
components of interest were: 1) Liquid neutron shield (ethylene glycol), 2) Outer and
inner shields (stainless steel), 3) gamma shield (Pb), 4) basket (304 SS), and 5) fuel
(UAI). The temperatures of the steels were too low to be of concern. The ethylene
glycol was below the flash and boiling point, and the lead was well below the melting
point. There were no temperature issues with these components. The creep of the
aluminum and UAI components for the maximum was evaluated under its own deadload
at both the normal and accident maximum temperature for the one year maximum
transport duration and found to be minimal.

For the proposed fuel types included in the ANSTO-DIDO combination basket the
applicant does not discuss specific temperatures of important to safety components, nor
does it provide the staff of any safety margin that may be present. However, ample
references are provided in the bounding analyses described elsewhere in the SAR to
allow the reviewer to ascertain that material temperature limits are not being exceeded.

3.3 Conclusion

Based on the review of the application, the staff found reasonable assurance that the
applicant has demonstrated that the NAC-LWT package for transport of the ANSTO
HIFAR fuel meets the thermal requirements for NCT and HAC as required by

10 CFR Part 71.

CONTAINMENT

The staff reviewed the application to revise the Model No. NAC-LWT package to verify that the
package containment design has been described and evaluated under NCT and HAC as
required in 10 CFR Part 71. This application was also reviewed to determine whether the
package fulfills the acceptance criteria listed in Section 4 (Containment Review) of NUREG-
1617, "Standard Review Plan for Transportation Packages for Spent Nuclear Fuel.”

41 Containment System Design
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The ANSTO HIFAR fuel will be transported in a leaktight containment boundary, which
includes metallic containment seals on the closure lid and the Alternate B port covers for

the vent and drain ports.
4.2 Containment Evaluation
Containment source terms

The DIDO containment analysis is used to bound the spiral and MOATA fuels. The
containment analysis for the DIDO (SAR Section 4.5.7) and the similar aluminum MTR
fuel (SAR Section 4.5.5) use the release fractions given in WSRC-TR-98-00317)" The
release fractions given in this reference, Table 2, are the release fractions determined
for LWR UOQO; based fuel with Zircaloy cladding. The document WSRC-TR-98-00317
provided some basis for using the release fractions developed for commercial LWR fuel
for the UAI metallic alloy fuel. However, the staff did not agree sufficient information was
provided to demonstrate that all the release fraction values for the LWR fuel bound those
for the UAI fuel. Therefore, the application was revised to specify a leak-tight testing
sensitivity of the containment boundary in accordance with ANSI-N14.5-1997. The
following source term discussion explains the release fractions that were acceptable,
and the reasons for not fully accepting all of the WSRC-TR-98-00317 release fractions

for UAI fuel.

The fission gas release fraction is based on a trap-detrap mechanism coupled with
diffusion of the gas through the matrix and or grain boundaries of the fuel. The trap-
detrap part of the mechanism is difficult to model and evaluate and was assumed to
contribute zero time to the gas release. The diffusion was modeled using the relative
gas in a flat plate. A nominal value of 15% release was obtained in the reference. This
value will depend though on the temperature of the piate, duration of the diffusion, and
the use of the proper diffusion constant, i.e., bulk or grain boundary. None of these
parameters are given in the reference to conclude if it is applicable to UAI fuel.

The values of the volatile release for both normal and accident transport condition are
based on release measurements from irradiated UAI samples heated up to the melting
point. The data was reasonable and sufficient to accept the values for the volatile

release rates as given.

“Crud” is a colloquial term for corrosion and wear products (rust particles, etc.) that
become radioactive (i.e., activated) when exposed to radiation and may deposit on
nuclear fuel during reactor operations. The term “crud” in this case refers to the
spallation of the oxide layer that forms when the fuel was in the reactor and storage pool
and, subsequently, in a moist atmosphere in the cask. The value of this term was based
on two fuel properties: the thickness of the oxide layer that is formed, and the spallation
of this oxide layer. The corrosion is dependent on the quality of the water and can range
from 1-2 microns over years in very good quality water to much thicker layers in poor
quality water. At 200°C for some unknown period of time <3.7 microns of oxide was
measured. The application did not specify the quality of the reactor or pool water,
temperature that the fuel saw in these locations, or the time of residence. Therefore, the
accuracy of the oxide layer calculations could not be verified. The oxide on the
aluminum is very tenacious and has been experimentally verified to be vigorously
scraped to be removed. The staff believes the 15% spallation may be an overestimate,

'DW Vinson, PS Blanton, RL Sindelar, and NC Iyer, “Bases for Containment Analysis for Transportation of
Aluminum-Based Spent Nuclear Fuel,” Oct. 1998, WSRC-TR-98-00317
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but quantitative data would be needed to justify a lower and more realistic value. The
release fraction for the normal and accident conditions should be approximately the

same.

A through-wall penetration and exposure of the fuel surface area is the mechanism need
for fines release. Corrosion of this exposed area occurs while the fuel is in the reactor
or, more likely, the pool, since the corrosion probably starts on handling scratches of the
oxide layer formed in the reactor. The fines release fraction is dependent on three
terms: the exposed fuel surface area, the depth of corrosion of the fuel, and the
spallation of the corroded fuel. Since the exposed fuel meat is expected to behave the
same as the exposed cladding, the formation of the corroded fuel and its spallation will
be similar to that discussed above for the cladding oxide layer with the possible
difference in time duration. The degraded and undamaged fuel is defined in the SAR
(Table 1.1.1) as fuel having no more the 5% of the fuel meat surface area exposed.

In summary, the application did not provide sufficient basis for all the release fractions
being applicable to aluminum based fuel with a UAI metallic alloy fuel meat. For these
proposed contents, the staff does not endorse the WSRC-TR-98-00317 release fractions
developed or measured for LWR fuel for use in containment analysis of aluminum based
fuel, without additional supporting information and data. However, the applicant has
specified testing the transportation cask to the leaktight criteria of ANSI 14.5-1997 for
these requested contents. Based upon the specification to test the cask containment
system to the leaktight criteria, and changing the casks configuration to support leaktight
testing, the staff concludes that this amendment of the NAC-LWT meets the containment

requirements for 10 CFR Part 71.

4.3 Conclusion

Based on the statements and representations in the application, staff agrees that the
applicant has shown that the use of the NAC-LWT for transport of the ANSTO HIFAR
fuel meets the requirements of 10 CFR Part 71 for the containment.

SHIELDING

The staff reviewed the application to revise the Model No. NAC-LWT package to verify that the
shielding design has been described and evaluated under NCT and HAC, as required in 10
CFR Part 71. This application was also reviewed to determine whether the package fulfills the
acceptance criteria listed in Section 5 (Shielding Review) of NUREG-1617, "Standard Review
Plan for Transportation Packages for Spent Nuclear Fuel.”

5.1  Shielding Evaluation

For a previous licensing action (requested on April 17, 2006, and resulting in Revision 41
of Certificate of Compliance No. 9225), the applicant performed a shielding evaluation to
show that the Spiral and MOATA fuel assemblies are bounded by the DIDO fuel
assemblies listed in 5(b)(1)(x) of the certificate. For the current amendment, the
applicant relied on this previous shielding analysis and provided a discussion to justify
why the current amendment does not require a change in that previous analysis.

This discussion encompassed three areas. First, the ANSTO basket has slightly thicker
tubes than the DIDO basket, so placing DIDO fuel in the ANSTO basket will not cause a
higher dose rate. Second, the source for each payload type has not changed. Third,
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placing fuel into DFCs, especially given the lower heat load limits imposed, will have no
adverse effects on dose rates.

52 Conclusion

Based on review of the statements and representations in the application, the staff
concludes that the applicant has shown that the shielding design for the NAC-LWT
containing the mixed ANSTO-DIDO payload configuration has been adequately
described and evaluated and that the package meets the shielding requirements of 10

CFR Part 71.

CRITICALITY

The staff reviewed the application to revise the Model No. NAC-LWT package to verify that the
criticality design has been described and evaluated under NCT and HAC, as required in 10 CFR
Part 71. This application was also reviewed to determine whether the package fulfills the
acceptance criteria listed in Section 6 (Criticality Review) of NUREG-1617, "Standard Review
Plan for Transportation Packages for Spent Nuclear Fuel.”

6.1 Criticality Design

The application for amendment to Certificate of Compliance No. 9225 requests
permission to transport the following contents using the Model No. NAC-LWT:

1. Degraded-clad (damaged) DIDO fuels in Damaged Fuel Canister (DFC) loaded in an
ANSTO top module,

Intact DIDO fuel element loaded in an ANSTO top module,

Degraded-clad spiral fuel elements (disassembled) in a DFC loaded into the top
basket of ANSTO fuel module in the standard ANSTO basket assembly or in the top

module of an ANSTO-DIDO combination basket assembly, and

4. Degraded-cladding MOATA plate elements (disassembled) in a DFC loaded into an
ANSTO top basket of either a standard or ANSTO-DIDO combined module.

For these fuels, up to seven degraded-clad DIDO assemblies or spiral fuel assemblies,
or MOATA plates in the DFC may be loaded in the top module of an NAC-LWT

ANSTO/DIDO fuel package.

The applicant provided, in Chapter 6 of the revised Safety Analysis Report (SAR), a
criticality safety evaluation for the packages with the requested contents.

6.2 Criticality Evaluation

Chapter 6 of the SAR provides criticality safety analyses for the DIDO fuel, ANSTO fuel
with degraded clad, and mixed ANSTO/DIDO fuel packages. The maximum U-235
enrichment is 94 wt% for the DIDO HEU fuel, 92.0 wt% for MOATA fuel, and 95.0 wt%
for the ANSTO spiral fuel. The transportation packages for uniform load of each of these
fuel types/modules have previously been authorized except for the ANSTO spiral fuel,
for which the cask was authorized for maximum enrichment of 85 wt% U-235. However,
for the packages for 95 wt% enrichment ANSTO spiral fuel, the total U-235 weight per
element is limited to 160 grams of U-235 per fue! element, which is the same as that of

the 85 wt% enrichment fuel.
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The applicant provided additional criticality safety analyses for the degraded-clad fuel
and the mixed DIDO and ANSTO spent fuel transportation packages, with U-235
enrichment of 95 wt% for the ANSTO spiral fuel, under both NCT and HAC. The
CSAS25 module of the SCALE 4.3 code system was used for the criticality analyses.
Section 6.4.11 of the revised SAR provides discussion of the criticality safety evaluations
for spent fuel transportation packages with various combinations of the DIDO and
ANSTO fuels. Tables 6.4.11-1 through 6.4.11-7 provide the evaluation results for these
packages. The most reactive configuration is the package with the combination of five
DIDO baskets containing DIDO fuel and one top ANSTO fuel basket containing ANSTO
spiral fuel or MOATA fuel plate with a 0.5326 cm plate pitch. The k. for this package is
0.8291. The Criticality Safety index for this package is 0.0.

6.3 Conclusion

The staff reviewed the criticality safety analyses for the NAC-LWT ANSTO fuel package
presented in the revised Safety Analysis Report. The staff also performed confirmatory
analyses for the most reactive configuration using the CSAS25 module of the SCALE-5

code system with the 238 group cross section library.

Based on the results of its review and analyses, the staff concludes that the applicant
has demonstrated with a reasonable assurance that the Model No. NAC-LWT package
for mixed DIDO and ANSTO spent fuel with intact or degraded-clad elements continue to
meet the criticality safety requirements of 10 CFR Part 71. The staff determined that
transportation of previously approved fuel, but with degraded clad, does not impose a
significant effect to the criticality safety assessment on these packages. The packages
containing increased-enrichment (95 wt%) spiral fuels do not cause a significant change
in the package reactivity because the total U-235 content per element is limited to be the
same as that of the previously approved (85 wt%) spiral fuel. The most reactive
package provides a bounding case for all requested DIDO/ANSTO packages.

7.0 PACKAGE OPERATIONS

Chapter 7 of the SAR provides procedures for package loading, unloading, and preparation of
the empty package for transport. Sections 7.1.3,7.1.4, 7.1.5, and 7.1.6 provide revised
operating procedures for loading mixed DIDO and ANSTO spent fuel baskets into the NAC-LWT
cask and procedures for loading damaged mixed DIDO and ANSTO fuel with degraded-clad
into Damaged Fuel Cans. This included specification of using a cask tested to a leak-tight
testing sensitivity in accordance with ANSI-N14.5-1997. Other minor changes were also made.

The staff reviewed the Operating Procedures in Chapter 7 of the SAR to verify that the package
will be operated in a manner that is consistent with its design evaluation. On the basis of its
evaluation, the staff concludes that the combination of the engineered safety features and the
operating procedures provide adequate measures and reasonable assurance for safe operation
of the proposed mixed DIDO and ANSTO spent fuel in accordance with 10 CFR Part 71.
Further, the CoC is conditioned such that the package must be prepared for shipment and
operated in accordance with the Operating Procedures specified in Chapter 7 of the Safety

Analysis Report.
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8.0 ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

The staff reviewed the revisions to Chapter 8 of the application to verify that the revised
acceptance tests for the packaging meet the requirements of 10 CFR Part 71.

To support this revision request, Sections 8.1 and 8.2 of the SAR were revised to describe the
requirements for acceptance testing and maintenance of the leaktight containment boundary.

Based on the statements and representations in the application, the staff concludes that the
revised acceptance tests for the packaging meet the requirements of 10 CFR Part 71. Further,

the CoC is conditioned to specify that each package must meet the Acceptance Tests and
Maintenance Program of Chapter 8 of the application.

CONDITIONS
The CoC has been revised as follows:
Condition Nos. 5(a)(3)i) and 5(a)(3)(ii):
Twenty-five drawings were revised and one new drawing was added.

Condition No. 5(b)(1Xx):

Details on the type and form of material were added for the additional contents of the
degraded clad DIDO fuel.

Condition No. 5(b)(1)(xiv):

Details on the type and form of material were added for the additional contents of the
degraded clad ANSTO spiral and MOATA. The enrichment was changed for the

ANSTO spiral fuel.
Condition No. 5(b)(2)(iv):

Specifies the definition of the degraded clad MTR fuel.
Condition Nos. 5(b)(2)(xviii), 5(b)(2)(xi), and 5(b)(2)(xv):

Provides for the maximum quantity of material per package for the additional contents of
the ANSTO HIFAR fuel.

Condition Nos. 5(b)(vii)(a), 5(b)(vii)b), 5(b)(viii), S(b)(2)(xiii), 5(b)(2)(xvi), and 5(b)(2)(xviii):
Editorial changes were made for clarity.

Condition No. 5(c):

A mixed fuel load of DIDO and ANSTO fuel elements were added to the contents with a
criticality safety index of 0.0.

Condition No. 6:

The ANSTO HIFAR fuel was added to the condition.
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Condition No. 9:
The leakage rate was corrected.

Condition Nos. 16 and 17:

These conditions were deleted because of redundancy. Additionally, the rest of
conditions were renumbered.

Condition No. 18 (formerly numbered 20):

Allows the use of Revisions 48 and 49 of this certificate for one year.

CONCLUSION

Based on the statements and representations in the application, as supplemented, and the
conditions listed above, the staff concludes that the Model No. NAC-LWT package design has
been adequately described and evaluated and that these changes do not affect the ability of the

package to meet the requirements of 10 CFR Part 71.

Issued with Certificate of 8§mpliance No. 9225, Revision No. 50,
on December 22, 20
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